BACKGROUND Dual-chamber pacemakers restore AV synchrony compared with ventricular pacemakers, but the effects on healthrelated quality of life (QOL) are uncertain.
Dual-chamber pacemakers have the potential for preserving physiologic AV synchrony compared with singlechamber ventricular pacemakers in patients with sick sinus syndrome.
1 Although large, randomized trials of pacing mode have demonstrated no significant differences in mortality, 2, 3 some studies have demonstrated a reduction in adverse events such as atrial fibrillation, heart failure, and pacemaker syndrome. In addition, some, but not all, studies have suggested improvement in aspects of health-related quality of life (QOL) in patients assigned to dual-chamber pacing. 2, 4 Health-related QOL is an important metric of the efficacy of treatment, particularly in assessing treatments that do not clearly influence survival, and especially in older patients likely to suffer from sick sinus syndrome. Therefore, we collected and analyzed serial QOL in the Mode Selection Trial (MOST), a large trial of patients with sick sinus syndrome who were randomized to dual-chamber, rate-modulated (DDDR) or single-chamber, rate-modulated ventricular (VVIR) pacing 5 to assess the effect of pacemaker implantation, clinical factors, and mode on QOL. We hypothesized that dual-chamber pacing would be associated with greater improvement in QOL after pacemaker implantation. Partial results from the QOL data in MOST have been published. 2 This report expands on prior publications by including analyses of the effect of (1) pacemaker im-plantation on QOL in clinically important subgroups within the trial, (2) clinical factors on serial QOL, (3) pacing mode on QOL using adjudicated crossovers for severe pacemaker syndrome, and (4) performing analyses both with and without carrying forward QOL measurement after adjudicated crossover. This study also places the magnitude of the observed changes in QOL in context with other common events, such as aging, and with chronic disease, such as heart failure.
Methods
MOST randomized 2,010 patients with sick sinus syndrome to VVIR or DDDR pacing between 1995 and 1999. 2, 5 Follow-up for clinical outcomes occurred four times during the first year and twice per year thereafter and ended in January 2001. Enrollment and data collection have been outlined in detail. 2 Trained research coordinators enrolled patients older than 21 years with sick sinus syndrome who were in sinus rhythm and had standard indications for pacemaker implantation but no serious comorbid illness. Baseline demographic and clinical data were collected. Multidimensional health-related QOL was assessed with the Medical Outcomes Study 36-Item Short-Form (SF-36) General Health Survey. 6, 7 Individual SF-36 components were used to construct subscale scores in eight health-related domains: physical function, physical role, social function, emotional role, mental health, vitality, bodily pain, and general health perception. For each domain, scores range from 0 to 100 points, where 100 is the best score possible and 0 is the worst. Physical component summary (PCS) and mental component summary (MCS) scales also were calculated for each patient. These scores have a standardized mean of 50 and standard deviation of 10 points. Cardiac-specific functional status was assessed using the Specific Activity Scale, 8 a multilevel scale that ranges from 1 (worst) to 4 (best) status depending on the patients' ability to perform everyday tasks. Patients' utilities were assessed using standard time trade-off methodology, 9 in which patients were asked how much time in their current state of health they would trade for perfect health. All three QOL measures (SF-36, Specific Activity Scale, and time trade-off) were repeated at the 3-month and 12-month visits and yearly thereafter. We also attempted to obtain an assessment of QOL at the time of crossover from one pacing mode to another, as QOL commonly was improved when crossing over from VVIR to DDDR because of pacemaker syndrome.
QOL measures (including each SF-36 subscale and summary score, Specific Activity Scale, and time trade-off utility) were selected a priori as endpoints for analysis. Each was assessed for differences related to pacemaker implantation using a paired t-test comparing scores at 3 months postimplantation to values at baseline as well as a linear regression of the change score between the 3-month and baseline timepoints. Change in QOL measures was stratified by clinical factors, which included age, sex, history of congestive heart failure, comorbidity as assessed by the Charlson comorbidity index, and treatment arm. Multivariable analyses were performed using SAS (version 8, SAS Institute, Cary, NC, USA) with PROC GLM, which uses the method of least squares to fit linear models to the data, and PROC MIXED, which fits mixed effects linear models. Significant differences in QOL over time were assessed in longitudinal analyses using PROC MIXED. The effect of sex was measured in models adjusted for age and treatment arm. The effects of a history of heart failure, Charlson comorbidity score, and mode on serial QOL in analyses adjusted for age, sex and baseline QOL score also were examined. Patients were truncated from the analysis at the time of death. Patients who could not complete the QOL questionnaire were considered to have missing data unless data from surrogate interviews were available. In patients who crossed over from single-chamber to dual-chamber pacing because of severe pacemaker syndrome, a primary analysis was performed in which the last known QOL prior to crossover was carried forward for all subsequent datapoints. This was designed to account for the improvement in QOL scores anticipated after crossover, which tends to overestimate QOL scores in the VVIR arm. A secondary analysis using the measured QOL data after crossover also was performed.
To provide context for these analyses, the effect of 1 year of aging on QOL measures in this cohort was assessed. Differences in each QOL measure from the 1-year to the 2-year follow-up timepoint were assessed using PROC GLM in analyses adjusted for baseline score and stratified by sex. These timepoints were chosen to maximize the completeness of the follow-up data while avoiding the confounding effects of pacemaker implantation on QOL at earlier timepoints. The effect of a common chronic disease, in this case a history of heart failure at the time of enrollment into the trial, was assessed in analyses of baseline QOL data using PROC GLM adjusted for age and sex. In addition, serial QOL in subjects who experienced heart failure during the trial was compared with serial QOL in patients who did not experience heart failure using PROC MIXED, adjusting for age, sex, treatment arm, and baseline score.
Results

Baseline characteristics
The average age of the cohort was 73 years; 52% of patients were male (Table 1) . The majority of patients were white, and 22% had a history of diabetes. Prior myocardial infarction was reported in 26% and prior stroke in 11%. Prior heart failure was present in 18% of VVIR patients and 22% of DDDR patients, a difference of borderline significance (P ϭ .05).
Effect of pacemaker implantation
In unadjusted analyses, pacemaker implantation was associated with significant improvement in multiple domains of QOL. Specifically, significant improvement was seen in all subscales of the SF-36 except for the health perception subscale, resulting in higher PCS scores (mean 2.7 points, P
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Heart Rhythm, Vol 3, No 6, June 2006 Ͻ .0001) and MCS scores (mean 2.5 points, P Ͻ .0001; Figures 1a and 1b). Time trade-off values and Specific Activity Scale scores also were significantly improved (Figures 1c and 1d) . The benefits were similar regardless of sex, history of heart failure, or comorbidity score. Paired t-tests showed a trend toward greater improvement in functional status, as measured by the Specific Activity Scale, in patients younger than 75 years ( Figure 1d ). In linear regression analyses of the change in QOL score between the baseline and 3-month postimplantation timepoints, this trend became significant, with less negative change scores connoting less improvement in functional status, among subjects 75 years or older (parameter estimate 0.09, 95% CI [confidence interval] 0.02, 0.17). The PCS score of the SF-36 also improved significantly less in the older patients than in the patients younger than 75 years (parameter estimate Ϫ1.09, 95% CI Ϫ2.04, Ϫ0.14). Even after adjustment for sex, a history of heart failure, Charlson score, and treatment arm, age remained a significant predictor of the change in PCS score (parameter estimate Ϫ1.21, 95% CI Ϫ2. 16, Ϫ0.25) and Specific Activity Score (parameter estimate 0.10, 95% CI 0.02, 0.17).
Serial QOL
In analyses adjusted for age and sex, pacemaker implantation was associated with improvements in several subscales of the SF-36, particularly the role physical (Table 2 ). In longitudinal analyses of QOL, sex was an independent predictor of functional status by Specific Activity Scale (P Ͻ .0001) and of all SF-36 subscale scores (P Ͻ .03) except role physical function and health perception in analyses adjusted for age and treatment arm. QOL scores were generally higher, and reported functional status was better in men. 
Effect of pacemaker mode on serial QOL
One hundred eighty-two patients (18%) crossed over from single-chamber to dual-chamber pacing because of severe pacemaker syndrome. In addition, 131 patients (13%) crossed over for other reasons but did not meet the protocol's prespecified definition of severe pacemaker syndrome. Most crossovers occurred early, predominantly within 3 months of pacemaker placement.
In longitudinal analyses by pacemaker mode adjusted for age and sex, dual-chamber pacing was associated with significantly greater improvement in three of the eight SF-36 subscales compared with single-chamber pacing: role physical [62.8 points for DDDR (95% CI 60. 2, 65.5) Figure  2) . The relationship between pacing mode and QOL remained significant for these three subscales even after adjustment for heart failure or atrial fibrillation during the study, both of which were significantly reduced by dualchamber pacing in MOST. 2 There were no significant differences in the five other subscales or in scores on the time trade-off or Specific Activity Scale. In no case was singlechamber pacing associated with significantly better QOL.
If health-related QOL measures were carried forward for all crossovers rather than for just those meeting the prespecified endpoint of severe pacemaker syndrome, qualitatively similar results were obtained. Significant improvement in serial QOL again was seen in role physical [62.3 points (95% CI 59.6, 65.0) vs 54.5 points (95% CI 51.7, In the analysis using the measured health status throughout the trial, regardless of crossover status, health status commonly improved after crossover from VVIR to DDDR. By ascribing this benefit of DDDR to the VVIR treatment arm, no significant differences in serial health-related QOL were detected between treatment arms, indicating that the two strategies-DDDR pacing or VVIR pacing converted to DDDR when advised by the physician-were equivalent.
Magnitude of QOL changes
The decline in health status scores associated with 1 year of aging within the trial was 0.6 points (95% CI Ϫ3.7, 4.9, P ϭ .78) in women and 1.7 points (95% CI Ϫ2.5, 5.9, P ϭ .43) in men for role physical, 1.0 point (95% CI Ϫ2.4, 4.4, P ϭ .56) in women and 0.1 point (95% CI Ϫ3.2, 3.5, P ϭ .94) in men for role emotional, and 3.6 points (95% CI 1.7, 5.4, P ϭ .0002) in women and 2.4 points (95% CI 0.5, 4.2, P ϭ .01) in men for vitality (adjusted for age and baseline score). Patients with a history of heart failure had significantly lower baseline role physical [24.3 (95% CI 19.7, 29 .0) vs 37.4 (95% CI 34.7, 40.1), P Ͻ .0001], role emotional [69.9 (95% CI 65.5, 74.3) vs 74.9 (95% CI 72.3,77.5), P ϭ .03], and vitality [33.4 (95% CI 30.7, 36 .1) vs 44.1 (95% CI 42.5, 45.7), P Ͻ .0001] scores compared with those without antecedent heart failure, adjusted for age and sex. Patients who experienced heart failure over the course of the trial also had significantly lower mean role physical [44.8 (95% CI 40.1, 49.5) 
Discussion
For at least 2 decades, clinicians have recommended dualchamber pacemakers for preserving or restoring AV synchrony. However, controversy has persisted about the effect of pacing mode on the clinical outcomes of elderly patients with sick sinus syndrome. Large randomized studies have not shown significant differences in survival or stroke between patients receiving dual-chamber pacing and those receiving single-chamber pacing. However, randomized trials such as Pacemaker Selection in the Elderly (PASE), the Canadian Trial of Physiologic Pacing (CTOPP), and MOST have reported a reduction in atrial fibrillation. 2, 3, 4, 10 Moreover, MOST, but not the other trials, found a reduction in hospitalizations for heart failure. 2 Given that pacing mode appears not to affect survival, quantifying the effects of pacing mode on the patient's own sense of health, well-being, and functional status is a vital part of the overall critical analysis of pacing mode. In this detailed report of health-related QOL within MOST, pacemaker implantation itself was associated with significant improvement in health-related QOL scores. This improvement extended to almost all domains and was of similar magnitude irrespective of sex, the presence of heart failure, or comorbidity level, all of which also influenced QOL over the course of the study. Younger patients appeared to benefit more from pacemaker implantation than did their older counterparts in terms of functional status and PCS scores. Although this study did not have a sham-operated control group for comparison, these data confirm that when pacemakers are implanted in patients with sinus node dysfunction and standard bradycardia indications, direct and measurable benefits of pacemaker implantation on QOL and functional status are observed, particularly in younger patients.
The effects of pacing mode on the various QOL measures were much smaller than those associated with pacing itself. Modest but measurable improvement for dual-chamber rate-modulated pacing compared with rate-modulated single-chamber pacing was most notable for the physical role, vitality, and emotional role subscales. Interestingly, pacing mode was associated with nonsignificant differences in the physical function subscale of the SF-36 and in cardiovascular functional status as measured by the Specific Activity Scale. This finding suggests that dual-chamber pacing significantly improves patients' ability to fulfill expectations at work or in other daily activities at the margins despite only small differences in overall physical capacity itself, as measured by either the physical function subscale or the Specific Activity Scale. In contrast to pacemaker implantation itself, no significant differences in time tradeoff utilities were seen between pacing modes, indicating that subjects were reluctant to accept even small reductions in survival for the modest gains in QOL seen.
The vitality subscale reflects general levels of energy and fatigue, so the improved scores might represent the effect of more physiologic dual-chamber pacing on hemodynamics and cardiac output. The emotional role subscale measures "problems with work or other daily activities as a result of emotional problems" 6, 7 and may be an indirect reflection of improved well-being. Generally, these improvements in QOL were larger than the declines associated with 1 year of aging in the trial but smaller than those associated with chronic illness, such as heart failure.
Early studies suggested improved QOL for patients with dual-chamber pacemakers compared with single-chamber pacemakers, [11] [12] [13] [14] [15] [16] but the studies were limited by small size, design, nonstandardized instruments, or inconsistent blinding. PASE, a 30-month, controlled, single-blind study of 407 patients randomized to ventricular or dual-chamber pacing for sinus node dysfunction or AV block, showed that QOL improved significantly after pacemaker implantation but found no significant differences in QOL, cardiovascular 657 Fleischmann et al Pacemakers, Mode, and Quality of Life events, or death by pacing mode. 4 However, analysis of QOL by mode in the prespecified subgroup of patients with sinus node dysfunction revealed significant improvement in the role physical, role emotional, and social function subscales at 3 months in patients randomized to dual-chamber pacing compared with ventricular pacing, results that are consistent with those in the current study of patients with sinus node dysfunction.
CTOPP randomized more than 2,500 patients with symptomatic bradycardia to ventricular or "physiologic" (dualchamber or atrial) pacing.
3 QOL was assessed in two ways: (1) a substudy of 269 patients in whom detailed QOL data, including SF-36 and pacemaker-specific and pacemaker syndrome scales, were measured at baseline and at 6-month follow-up; and (2) a larger QOL study in which 1,721 patients underwent a briefer 12-item assessment only once at 6 months postimplantation. 17 Pacing was associated with significant improvement in QOL in the substudy, but no significant differences in QOL were discerned between treatment arms. The larger QOL study also failed to detect significant differences in QOL when comparing ventricular and physiologic pacing. These results differ from those of the current study, possibly because a relatively small number of participants in CTOPP underwent QOL assessment to the same level of detail as in MOST, or possibly because more than 50% of patients enrolled in the Canadian study received a pacemaker for AV node disease rather than for sinoatrial node disease, limiting power for differences within the sinoatrial node dysfunction subgroup.
Our results should be interpreted in light of design features that may have affected the results. Patients randomized to ventricular pacing had access to rate modulation, which may have lessened differences in QOL between the two groups. In addition, programming mode rather than the pacemaker itself was randomized, making crossover from ventricular to dual-chamber pacing relatively easy. Because QOL commonly improves after crossover, crossovers tend to minimize any differences between groups. To account for this design feature in our trial, baseline analysis was structured to carry forward the last known QOL prior to crossover for subsequent timepoints. Finally, although all endpoints were selected a priori, multiple analyses were performed in this cohort, which may influence the probability of obtaining statistically significant results.
Conclusion
Pacemaker implantation is associated with substantial improvement in health-related QOL in patients with sick sinus syndrome. Pacing mode is associated with much more modest improvements in some (but not most) QOL domains, most notably the role physical, energy/vitality, and role emotional domains. The magnitude of the QOL difference between modes of pacing is slightly larger than that associated with 1 year of aging within the trial but smaller than that associated with chronic disease, such as heart failure. Although these improvements in QOL may not be substantial enough, in and of themselves, to sway decisions on pacemaker mode, cost-effectiveness analysis suggests that these changes, in conjunction with effects on clinical events such as atrial fibrillation and heart failure, are associated with favorable cost-effectiveness ratios for routine implantation of dual-chamber pacing systems in elderly patients with sinus node dysfunction.
